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Description

RELATED APPLICATION

[0001] This patent application claims the benefit of US
Provisional Patent Application No. 63/265,247 filed De-
cember 10, 2021.

FIELD

[0002] This disclosure relates to a power tool, such as
an impact driver or impact wrench, and a compact motor
assembly for use in a power tool, such as a low-profile
and compact outer-rotor brushless motor assembly.

BACKGROUND

[0003] Conventional brushless direct-current (BLDC)
motors are provided with a permanent magnet rotor
supported within a stator. The stator includes a ring-
shaped stator core, a series of stator teeth that extend
radially inwardly from the stator core, and a series of
stator windings wound in various patterns on the stator
teeth. The rotor includes a rotor core that supports a
number of magnets and is mounted on a rotor shaft.
The shaft is supported relative to the stator via one or
more bearings.

[0004] Another type of BLDC motor, referred to as an
outer-rotor or external rotor motor, is provided with the
rotor on the outside of the stator. In an outer-rotor motor,
the rotor magnets are provided on an outer cup that is
rotatable around a stator core. The outer cup includes a
plate on one side of the stator that is secured to a rotor
shaft. US Patent Publication No. 2019/0058373 provides
an example of an outer-rotor motor in a nailer, where the
outer rotor includes an integrated flywheel for driving a
driver of the nailer. EP2527098A1 provides an example
of an outer-rotor motor in a circular saw.
WO2007/110204A1 discloses a drivetrain for a motor
vehicle with an outer-rotor motor. Outer-rotor motors
provides some performance advantages over compar-
able inner-rotor motors. Namely, since an outer rotor is by
necessity larger than an inner rotor, it creates higher
inertia and reduces the torque ripple effect and lower
vibration. An outer rotor also provides higher magnetic
flux and is also capable of producing more torque than a
comparable inner rotor motor.

[0005] Power tools such as impact drivers and impact
wrenches may be used for driving threaded fasteners into
workpieces. Such power tools may lack sufficient power
to drive a threaded fastener into a workpiece or may be
too large in length or girth to fit into a desired location. In
such power tools, itis desirable to reduce the girth and/or
length of the tool, including the motor assembly and
related components, without sacrifice power perfor-
mance.
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SUMMARY

[0006] According to an example, a power tool is pro-
vided including a tool housing, a brushless direct-current
(BLDC) motor disposed in the tool housing, and a trans-
mission. The motor includes a stator including a stator
core having an aperture extending therethrough and
stator windings, a rotor including a cylindrical rotor core
supporting at least one permanent magnet around an
outer surface of the stator core, a rotor shaft rotatably
coupled to the rotor, and a stator mount including a radial
member disposed proximate a front end of the stator and
an axial member secured to the stator. The transmission
is secured to the tool housing and includes an input
member coupled to and configured to be rotatably driven
by rotation of the rotor shaft, and an output member
configured to be driven by rotation of the input member.
The radial member of the stator mount is secured to the
transmission to support the stator at least radially within
the rotor.

[0007] According to the invention, power tools accord-
ing to claims 1 and 8 are provided.

[0008] Inanembodiment, the rotorincludes a rear wall
proximate a rear end of the stator that is mounted on the
rotor shaft, and the rotor shaft extends through the aper-
ture of the stator to be coupled to the input member of the
transmission.

[0009] In an embodiment, the axial member of the
stator mount comprises a cylindrical portion onto which
the stator core is securely mounted, and the rotor shaft
extends through the cylindrical portion.

[0010] Inanembodiment, the motor further includes at
least one motor bearing having an inner race mounted on
the rotor shaft and an outer race secured within the
cylindrical portion. In an embodiment, the motor bearing
is radially aligned with the stator core. In an embodiment,
the motor bearing is radially oriented along a radial plane
located between the stator core and the radial member of
the stator mount.

[0011] In an embodiment, the transmission includes a
transmission housing having a generally cylindrical body,
and a planetary gear set including a pinion or a sun gear
rotatably driven by the rotor shaft, a carrier, at least one
planet gear rotatably mounted to the carrier and meshed
with the pinion or the sun gear, and a ring gear supported
by the transmission housing and meshed with the atleast
one planet gear.

[0012] In an embodiment, the transmission comprises
a rear wall located at a rear end of the transmission
housing, and the radial member of the stator mount is
at least radially secured to the rear wall.

[0013] Inanembodiment, the rear wall of the transmis-
sion includes a recessed surface formed by an annular
peripheral body sized to form-fittingly receive the radial
member of the stator mount therein.

[0014] In an embodiment, the radial member of the
stator mount is rotationally secured to the rear wall of
the transmission via at least one notch and indentation
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arrangement.

[0015] In an embodiment, the tool housing includes a
radial wall projecting radially between the motor and the
transmission assembly and engaging a rear surface of
the radial member of the stator mount to axially hold the
radial member in engagement with the rear wall of the
transmission assembly.

[0016] Inanembodiment, a carrier bearing is provided
to support the carrier relative to the rear wall of the
transmission.

[0017] Inanembodiment, the rear wall of the transmis-
sion includes an annular center body forming a bearing
holder for the carrier bearing, and the radial member of
the stator mount includes an intermediary cylindrical
portion forming a center recessed portion that receives
the annular center body.

[0018] In an embodiment, a radial plane of the radial
member of the stator mount intersects a portion of the
carrier bearing.

[0019] Inanembodiment, the rear wall of the transmis-
sion includes an annular body projecting towards the
motor, and the tool includes a lock ring configured to
axially hold the radial member of the stator mount in
engagement with a rear surface of the annular body. In
an embodiment, the lock ring includes a main portion
having a threaded inner surface that is fastened onto a
threaded outer surface of the annular body of the trans-
mission, and a radial portion that engages and forces a
rear surface of the radial member of the stator mount
against the annular body of the transmission.

[0020] In an embodiment, the radial member of the
stator mount includes tabs extending therefrom that en-
gage the transmission housing to secure the stator mount
at least radially to the transmission. In an embodiment, a
rear end of the transmission housing defines an opening
through which the ring gear is received.

[0021] In an embodiment, an interior of the transmis-
sion housing includes recessed surfaces near the rear
end, and the tabs of the radial member extend axially
through the opening in engagement with the recessed
surfaces to affix the stator mount at least radially to the
rear end of the transmission.

[0022] Inanembodiment, the rear end of the transmis-
sion housing includes notches, and the tabs of the radial
member extend radially in engagement with the notches
to affix the stator mount atleast rotationally to the rearend
of the transmission.

[0023] In an embodiment, the radial member of the
stator mount and the transmission housing mated to-
gether cooperate to substantially seal the transmission.
[0024] Inanembodiment, the transmission includes of
outer protrusions on the outer surface of the transmission
housing configured to engage a portion of the tool hous-
ing to rotationally fix the transmission.

[0025] In an embodiment, the tool housing includes a
radial wall projecting radially between the motor and the
transmission assembly and engaging a rear surface of
the radial member of the stator mount to axially hold the
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radial member to the transmission housing.

[0026] In an embodiment, a distance between a front
end of the motor and a rear end of the transmission is at
smaller than or equal to 11.3 mm. In an embodiment, the
motor has an outer diameter than is smaller than or equal
to approximately 52 mm and produces a maximum power
output of at least 620 watts from a 20V max power tool
battery pack.

[0027] According to another aspect of the invention, a
power tool is provided including a tool housing, a brush-
less direct-current (BLDC) motor disposed in the tool
housing, a stator mount assembly, and a transmission.
The motorincludes a stator including a stator core having
an aperture extending therethrough and stator windings,
arotorincluding a cylindrical rotor core supporting at least
one permanent magnet around an outer surface of the
stator core, and a rotor shaft rotatably coupled to the
rotor. The stator mount assembly includes a stator mount
including an axial member secured to the stator, and an
integrated mounting member including a radial member
secured to the stator mount, a ring gear mount extending
from the radial member away from the motor, and a ring
gear supported by the ring gear mount. The transmission
is secured to the tool housing, and itincludes a transmis-
sion housing having a generally cylindrical body, and a
planetary gear set including a carrier and at least one
planetgearrotatably mounted to the carrier. Thering gear
meshes with the at least one planet gear.

[0028] Inanembodiment, the rotorincludes a rear wall
proximate a rear end of the stator that is mounted on the
rotor shaft, and the rotor shaft extends through the aper-
ture of the stator to be coupled to the input member of the
transmission.

[0029] In an embodiment, the axial member of the
stator mount includes a cylindrical portion onto which
the stator core is securely mounted, and the rotor shaft
extends through the cylindrical portion.

[0030] Inanembodiment, atleastone motor bearing is
provided including an inner race mounted on the rotor
shaft and an outer race secured within the cylindrical
portion.

[0031] Inan embodiment, the motor bearing is radially
aligned with the stator core.

[0032] Inan embodiment, the stator mount includes at
least one radial arm, and the radial member of the inte-
grated mounting member is molded around the radial
arm to secure the integrated mounting member to the
stator mount.

[0033] Inanembodiment, the stator mount includes at
least one protrusion that is received into a peripheral
opening of the integrated mounting member to secure
the integrated mounting member at least rotationally to
the stator mount.

[0034] Inanembodiment, a carrier bearing is provided
to support the carrier relative to the stator mount assem-
bly.

[0035] In an embodiment, the stator mount includes a

frontal annular body forming a bearing holder for the
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carrier bearing to radially align the carrier bearing with the
radial member of the integrated mounting member.
[0036] In an embodiment, the ring gear mount is dis-
cretely coupled to the transmission housing.

[0037] In an embodiment, the transmission housing
overlaps at least the ring gear mount of the integrated
mounting member.

[0038] In an embodiment, an O-ring is disposed be-
tween the integrated mounting member and the trans-
mission housing to substantially seal the transmission.
[0039] In an embodiment, the power tool includes a
nosecone mounted on the tool housing to provide an
outputmember configured to be rotatably driven by acam
shaft coupled to the carrier, wherein the transmission
housing is integrally formed with the nosecone and ex-
tends rearwardly therefrom inside the tool housing.
[0040] In an embodiment, the transmission housing is
integrally coupled to the ring gear mount.

[0041] In an embodiment, a distance between a front
end of the motor and a rear end of the transmission is at
smaller than or equal to 7.7 mm. In an embodiment, the
motor has an outer diameter than is smaller than or equal
to approximately 52 mm and produces a maximum power
output of at least 620 watts from a 20V max power tool
battery pack.

[0042] According to another aspect of the invention, a
power tool is provided including a tool housing, a brush-
less direct-current (BLDC) motor disposed in the tool
housing, and a stator mount assembly. The motor in-
cludes a stator including a stator core having an aperture
extending therethrough and stator windings, a rotor in-
cluding a cylindrical rotor core supporting at least one
permanent magnet around an outer surface of the stator
core, and a rotor shaft rotatably coupled to the rotor. The
stator mount assembly includes a stator mount including
an axial member secured to the stator, and an integrated
mounting member including a radial member secured to
the stator mount and a transmission housing having a
generally cylindrical body integrally extending from the
radial member away from the motor. The transmission
housing is secured to the tool housing and houses com-
ponents of a transmission, and the components of the
transmission include a carrier, at least one planet gear
rotatably mounted to the carrier, and a ring gear sup-
ported by the transmission housing and meshed with the
planet gear(s).

[0043] In an embodiment, the rotor comprises a rear
wall proximate a rear end of the stator that is mounted on
the rotor shaft, and the rotor shaft extends through the
aperture of the stator to be coupled to the input member of
the transmission.

[0044] In an embodiment, the axial member of the
stator mount includes a cylindrical portion onto which
the stator core is securely mounted, and the rotor shaft
extends through the cylindrical portion.

[0045] Inanembodiment, atleastone motor bearing is
provided including an inner race mounted on the rotor
shaft and an outer race secured within the cylindrical
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portion. In an embodiment, motor bearing is radially
aligned with the stator core.

[0046] Inan embodiment, the stator mount includes at
least one radial arm, and wherein the radial member of
the integrated mounting member is molded around the
radial arm to secure the integrated mounting member to
the stator mount.

[0047] Inan embodiment, the stator mount includes at
least one protrusion that is received into a peripheral
opening of the integrated mounting member to secure
the integrated mounting member at least rotationally to
the stator mount.

[0048] Inanembodiment, a carrier bearing is provided
to support the carrier relative to the stator mount assem-
bly.

[0049] In an embodiment, the stator mount includes a

frontal annular body forming a bearing holder for the
carrier bearing to radially align the carrier bearing with
the radial member of the integrated mounting member.
[0050] In an embodiment, the power tool further in-
cludes a nosecone mounted on the tool housing to pro-
vide an output member, where a front portion of the
transmission housing extends out of the tool housing
and is received within the nosecone.

[0051] In an embodiment, an O-ring is disposed be-
tween the front portion of the transmission housing and
the nosecone to substantially seal the transmission as-
sembly.

[0052] Inanembodiment, a nosecone mounted on the
tool housing to provide an output member configured to
be rotatably driven by a cam shaft coupled to the carrier,
where the transmission housing is integrally formed with
the nosecone and extends rearwardly therefrom inside
the tool housing.

[0053] In an embodiment, the transmission housing
includes at least one inner rim that engages an axial
end of the ring gear to secure the ring gear within the
transmission housing.

[0054] In an embodiment, the transmission includes
outer protrusions on the outer surface of the transmission
housing configured to engage a portion of the tool hous-
ing to rotationally fix the transmission.

[0055] In an embodiment, a distance between a front
end of the motor and a rear end of the transmission is at
most 7.7 mm. In an embodiment, the motor has an outer
diameter than is smaller than or equal to approximately
52 mm and produces a maximum power output of at least
620 watts from a 20V max power tool battery pack.
[0056] According to an example, a brushless direct-
current (BLDC) motor is provided including: a stator
including a stator core having an aperture extending
therethrough and a series of stator windings; and a rotor
including a rotor core having a substantially cylindrical
body, permanent magnets secured to an inner surface of
the rotor core, a rotor shaft extending through the stator,
and an overmold structure. The overmold structure in-
cludes: aradially body extending adjacent an axial end of
the stator and coupled to the rotor shaft via a bushing, and
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a peripheral body formed around an outer surface and
axial end surfaces of the rotor core and structurally
securing the permanent magnets to the inner surface
of the rotor core.

[0057] Inanembodiment, the rotor core includes teeth
axially projecting from at least one of its axial end sur-
faces, and the overmold structure is formed in engage-
ment with the teeth to rotationally fix the rotor core relative
thereto.

[0058] In an embodiment, the radial body of the over-
mold structure includes blades that form a fan for gen-
erating an airflow through the motor.

[0059] In an embodiment, the rotor core includes a
continuous wire rod wound in a shape of a tubular body.
[0060] Inan embodiment, the wire rod is welded in the
shape of the tubular body.

[0061] In an embodiment, the wire rod is held in the
shape of the tubular body via the overmold structure.
[0062] According to an example, a brushless direct-
current (BLDC) motor is provided including: a stator
including a stator core having an aperture extending
therethrough and a series of stator windings; and a rotor
including permanent magnets, a rotor shaft extending
through the stator, and an overmold structure. The over-
mold structure includes: a radially body extending adja-
cent an axial end of the stator and coupled to the rotor
shaft via a bushing, and a substantially cylindrical body
formed to secure the plurality of permanent magnets. At
least the substantially cylindrical body of the overmold
structure is formed via a metal injection molding process
to increase a magnetic flux of the rotor.

[0063] In an embodiment, the motor includes no solid
core flux ring.
[0064] In an embodiment, the radial body of the over-

mold structure includes blades that form a fan configured
to generate an airflow through the motor.

[0065] According to an example, a brushless direct-
current (BLDC) motor is provided including: a rotor com-
prising a rotor core, permanent magnets secured to the
rotor core, and a rotor shaft; a stator including a stator
core having an inner annular body though which the rotor
shaft extends and stator teeth extending radially out-
wardly from the inner annular body, stator windings
wound around the stator teeth, an insulating body elec-
trically insulating the stator windings from the stator core,
and stator terminals mounted to the insulating body and
electrically coupled to the stator windings; and a posi-
tional sensor board mounted to the insulating body and
including at least one positional sensor configured to
magnetically sense the permanent magnets. The posi-
tional sensor board is C-shaped including two ends de-
fining a gap in between, and the stator terminals are
located within the gap so as to radially intersect a radial
plane of the positional sensor board.

[0066] In an embodiment, the positional sensor board
includes an outer diameter than is greater than an outer
diameter of the stator.

[0067] In an embodiment, the positional sensor board
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includes an inner diameter than is greater than an inner
diameter of the inner annular body.

[0068] Inan embodiment, the insulating body includes
axial posts that support the positional sensor board.
[0069] In an embodiment, the stator terminals are
aligned with three of the stator teeth.

[0070] Inanembodiment, the gap occupies an angular
distance of approximately 40 to 50 degrees.

[0071] Additional features and advantages of various
embodiments will be set forth, in part, in the description
that follows, and will, in part, be apparent from the de-
scription, or may be learned by the practice of various
embodiments. The objectives and other advantages of
various embodiments will be realized and attained by
means of the elements and combinations particularly
pointed out in the description herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] The drawings described herein are for illustra-
tion purposes only and are not intended to limit the scope
of this disclosure in any way.

Fig. 1 depicts a side view of a power tool, in this
example an impact tool, according to a non-claimed
embodiment.

Fig. 2 depicts a partial cross-sectional view of the
exemplary impact tool, according to a non-claimed
embodiment.

FIG. 3 depicts an exploded view of an impact me-
chanism of the exemplary impact tool, accordingto a
non-claimed embodiment.

Fig. 4 depicts a perspective view of an outer-rotor
BLDC motor, according to a non-claimed embodi-
ment.

Fig. 5 depicts a partial exploded view of the power
tool including the outer-rotor BLDC motor and a
transmission assembly, according to an embodi-
ment.

Fig. 6 depicts a partially cross-sectional view of the
power tool including the outer-rotor BLDC motor,
according to an embodiment.

Fig. 7 depicts an exploded view of the outer-rotor
BLDC motor, according to an embodiment.

Fig. 8 depicts a perspective view of an outer-rotor
BLDC motor, according to a second embodiment.
Fig. 9 depicts a partial exploded view of a power tool
including the outer-rotor BLDC motor and a trans-
mission assembly, according to an embodiment.
Fig. 10 depicts a partially cross-sectional view of the
power tool including the outer-rotor BLDC motor,
according to an embodiment.

Fig. 11 depicts an exploded view of the outer-rotor
BLDC motor, according to an embodiment.

Fig. 12 depicts a perspective view of an outer-rotor
BLDC motor, according to a third embodiment.

Fig. 13 depicts a perspective view of a transmission
assembly configured for coupling with the motor,
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according to an embodiment.

Fig. 14 depicts a partial cross-sectional view of the
power tool including the motor and the transmission
assembly, according to an embodiment.

Fig. 15 depicts a partial exploded view of a power tool
including the motor and the transmission assembly,
according to an embodiment.

Fig. 16 depicts another partial exploded view of the
power tool prior to mounting of the motor to the
transmission assembly, according to an embodi-
ment.

Fig. 17 depicts a partial perspective view of the
power tool with a housing half removed to show
the motor and the transmission assembly, according
to an embodiment.

Fig. 18 depicts zoomed-in view of the transmission
assembly and the tool housing, according to an
embodiment.

Fig. 19 depicts a perspective view of an outer-rotor
BLDC motor, according to a fourth embodiment.
Fig. 20 depicts a partial exploded view of a power tool
provided with the outer-rotor BLDC motor and a
transmission assembly, according to an embodi-
ment.

Fig. 21 depicts a partially cross-sectional view of the
power tool including the outer-rotor BLDC motor and
the transmission assembly, according to an embodi-
ment.

Fig. 22 depicts a partially exploded view of the outer-
rotor BLDC motor, according to an embodiment.
Fig. 23 depicts a perspective view of an outer-rotor
BLDC motor, according to a fifth embodiment.

Fig. 24 depicts a partially exploded view of the outer-
rotor BLDC motor, according to an embodiment.
Fig. 25 depicts a partially cross-sectional view of the
power tool including the outer-rotor BLDC motor and
the transmission assembly, according to an embodi-
ment.

Fig. 26 depicts an exploded perspective view of the
rotor assembly, according to an embodiment.

Fig. 27 depicts a side cross-sectional view of the
rotor assembly, according to an embodiment.

Fig. 28 depicts a partial perspective view of the rotor
assembly, according to an embodiment.

Fig. 29 depict a perspective view of a rotor core,
according to an alternative and/or additional embo-
diment.

Fig. 30 depicts a coil-shape continuous wire rod used
to form the rotor core, according to an embodiment.
Fig. 31 depicts an exploded view of the rotor assem-
bly utilizing the rotor core, according to an embodi-
ment.

Fig. 32 depicts a perspective view of the rotor as-
sembly, according to a further and/or alternative
embodiment.

Fig. 33 depicts a perspective view of a rotor core for
use in the rotor assembly, according to a further
and/or alternative embodiment.
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Fig. 34 depicts an explode view of the rotor core,
according to an embodiment.

Fig. 35 depicts a perspective exploded view of the
stator assembly and the positional sensor board,
according to an embodiment.

Fig. 36 depicts a partial perspective view of the motor
including the positional sensor board, according to
an embodiment.

Fig. 37 depicts a zoomed-in view of one of the
second axial posts and a corresponding motor term-
inal, according to an embodiment.

[0073] Throughout this specification and figures like
reference numbers identify like elements.

DESCRIPTION

[0074] Example embodiments will now be described
more fully with reference to the accompanying drawings.
It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are intended to
provide an explanation of various embodiments of the
present teachings.

[0075] Fig. 1 depicts a side view of a power tool 10, in
this example an impact tool, according to a non-claimed
embodiment. Fig. 2 depicts a partial cross-sectional view
of the exemplary impact tool 10 according to a non-
claimed embodiment. FIG. 3 depicts an exploded view
of an impact mechanism of the exemplary impact tool 10
according to a non-claimed embodiment.

[0076] In a non-claimed embodiment, the exemplary
impact tool 10 includes a housing 12 having a motor
housing portion 23 including two clamshells that come
together to house a motor 100 rotatably driving a rotor
shaft 102 and a nosecone 21 coupled to the motor
housing portion 23 that houses an impact mechanism
40. Atransmission assembly 20 is disposed between the
motor 100 and the impact mechanism 40 that cooperates
with the impact mechanism 40 to selectively impart rotary
motion and/or a rotary impact motion to an output spindle
26. Where the tool is an impact wrench, as shown in this
example, a socket drive 28 is formed at the end of the
output spindle 26 designed to drive a socket wrench (not
shown). Alternatively, where the power tool is an impact
driver, a bitholder may be coupled to the end of the output
spindle. Details regarding exemplary tool holders are set
forth in U.S. Patent Application No. 12/394,426.

[0077] The power tool further includes a handle 13 that
extends transverse to the housing 12 and accommo-
dates a trigger switch 15, a control and/or power module
(not shown) that includes control electronics and switch-
ing components for driving the motor 100, and a battery
receptacle 17 that receives a removeable power tool
battery pack for supplying electric power to the motor
100. The handle 13 has a proximal portion coupled to the
housing 12 and a distal portion coupled to the battery
receptacle 17. The motor 100 may be powered by an
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electrical power source, such as a DC power source or
battery (not shown), that is coupled to the battery recep-
tacle 17, or by an AC power source. The trigger 15 is
coupled to the handle 13 adjacent the housing 12. The
trigger 15 connects the electrical power source to the
motor 100 via the control and/or power module, which
controls power delivery to the motor 100.

[0078] Inanon-claimed embodiment, the transmission
assembly 20 may comprise a planetary transmission and
may include, among other features, a pinion or sun gear
24 that is coupled to an end of the rotor shaft 102 of the
motor 100 and that extends along a tool axis X. One or
more planet gears 48 surround and have teeth that mesh
with the teeth on the sun gear 24. An outerring gear 30 is
rotationally fixed to the housing 12 and centered on the
tool axis X with internal teeth meshing with the teeth on
the planet gears 48. A cam carrier 22 includes a pair of
carrier plates 22A, 22B that support the planet gears 48
with pins 35 so that the planet gears 48 can rotate about
the pins 55. The cam carrier 22 further includes a rear-
ward protrusion 37 that extends axially rearward from the
rear carrier plate 22A along the axis X and a cam shaft 39
that extends axially forward from the front carrier plate
22B along the axis X.

[0079] Whenthe motor 100is energized, the rotor shaft
102 and the sun gear 24 rotate about the axis X. Rotation
of the sun gear 24 causes the planet gears 48 to orbit the
sun gear 24 about the axis X, which in turn causes the
cam carrier 22 to rotate about the axis X at a reduced
speed relative to the rotational speed of the rotor shaft
102. In the illustrated embodiment, only a single plane-
tary stage is shown. It should be understood that the
transmission may include multiple planetary stages that
may provide for multiple speed reductions, and that each
stage can be selectively actuated to provide for multiple
different output speeds of the planet carrier. Further, the
transmission may include a different type of gear system
such as a parallel axis transmission or a spur gear
transmission.

[0080] The impact mechanism 40 includes the cam
shaft 59, a generally cylindrical hammer 42 received over
the cam shaft 59, and an anvil 44 fixedly coupled to the
output spindle 26. The hammer 42 has two lugs 45
configured to engage two radial projections 46 on the
anvil 44 in a rotating direction. Formed on an outer sur-
face of the cam shaft 59 is a pair of rear-facing V-shaped
cam grooves 47 with their open ends facing toward
transmission assembly 20. A corresponding pair of for-
ward-facing V-shaped cam grooves (not shown) is
formed on an interior surface of the hammer 42 with their
open ends facing toward the output spindle 26. Balls 49
are received in and rides along each of the cam grooves
47 to movably couple the hammer 42 to the cam shaft 59.
A compression spring 41 is received in a cylindrical
recess in the hammer 42 and abuts a forward face of
the front carrier plate 22B. The spring 41 biases the
hammer 42 toward the anvil 44 so that the so hammer
lugs 45 engage the corresponding anvil projections 44.
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[0081] At low torque levels, the impact mechanism 40
transmits torque from the transmission assembly 20 to
the output spindle 26 in a rotary mode. In the rotary mode,
the compression spring 41 maintains the hammer 42in a
forward position so that the hammerlugs 45 continuously
engage the anvil projections 46. This causes the cam
shaft 59, the hammer 42, the anvil 44, and the output
spindle 26 to rotate together as a unit about the axis X. As
torque increases, the impact mechanism 40 may transi-
tion to transmitting torque to the output spindle 26 in an
impact mode. In the impact mode, the hammer 44 moves
axially rearwardly against the force of the spring 41,
decoupling the hammer lugs 45 from the anvil projections
46. The anvil 44 continues to spin freely on about the axis
X without being driven by the motor 100 and the trans-
mission assembly 20, so that the anvil 44 coasts to a
slower speed. Meanwhile, the hammer 42 continues to
be driven at a higher speed by the motor 100 and trans-
mission assembly 20, while the hammer 42 moves axially
rearwardly relative to the anvil 44 by the movement of the
balls 49 in the V-shaped cam grooves 47. When the balls
49 reach their rearmost position in the V-shaped cam
grooves 47, the spring 41 drives the hammer 42 axially
forward with a rotational speed that exceeds the rota-
tional speed of the anvil 44. This causes the hammer lugs
45 to rotationally strike the anvil projections 46, imparting
a rotational impact to the output spindle 26.

[0082] Ina non-claimed embodiment, the motor 100 is
a brushless direct-current (BLDC) motor that includes an
inner rotor 104 having surface-mount magnets 106 on a
rotor core 108 and a stator assembly 110 located around
the rotor 104. The stator assembly 110 includes a stator
core 112 having a series of teeth 114 projecting radially
inwardly from the stator core 112, and a series of con-
ductive windings 113 wound around the stator teeth 114
to define three phases connected in a wye or a delta
configuration. As the phases of the stator assembly 110
are sequentially energized, they interact with the rotor
magnets 106 to cause rotation of the rotor 104 relative to
the stator assembly 110.

[0083] In a non-claimed embodiment, the rotor core
108 is mounted on the rotor shaft 102 and supports a
series of rotor magnet 106. The rotor core 108 may be
made of a solid core piece of metal or lamination stack
that includes a series of parallel laminations. In an em-
bodiment, the rotor magnet 106 is a ring surface-
mounted on the outer surface of the rotor core 108 and
magnetized in a series of poles, e.g., four poles having a
S-N-S-N orientation. Alternatively, rotor magnet 106 may
be provided as a series of discrete magnet segments that
may be pre-magnetized prior to assembly. The outer
surface of the rotor core 108 may be shaped for proper
retention of the magnet segments. In yet another embo-
diment, the rotor magnets 106 may be fully or partially
embedded within the rotor core 108.

[0084] In a non-claimed embodiment, a fan 118 is
mounted on the rotor shaft 102 behind the motor 100.
In an embodiment, a rear tool cap 14 is mounted to the



13 EP 4 195 473 B1 14

end of the housing 12 to contain the end of the motor 100.
The rear tool cap 14 may be provided integrally with the
housing 12 or as a separate piece. In an embodiment, the
fan 118 is positioned between the motor 100 and the rear
tool cap 14. The fan 118 generates airflow through the
motor 100 and (preferably) the transmission assembly 20
to cool the components.

[0085] In a non-claimed embodiment, a rear motor
bearing 160 that supports the rotor shaft 102 is supported
by a wall or retention rib of the tool housing 12. In an
embodiment, a support plate 130 supports a front motor
bearing 158 that in turn supports the rotor shaft 102. The
support plate 130 includes a cylindrical portion 132 that
receives the outer race of the front motor bearing 158 and
a radial portion 134 that extends radially from the cylind-
rical portion 132 and includes radial ends supported by
the tool housing 12. The stator assembly 110 is also
supported by the tool housing 12, thus being axially
and radially secure with respect to the support plate
130. In this manner, the support plate 130 axially and
radially supports the rotor 104 within the stator assembly
110. In an embodiment, the support plate 130 and the
stator assembly 110 may be independently supported by
the tool housing 12. In another embodiment, the support
plate may be formed integrally as a part of two clamshells
that form the tool housing 12. Alternatively, the support
plate 130 may be piloted to and retained by the stator
assembly 110 directly and independently of the tool
housing 12.

[0086] Inanon-claimed embodiment, the supportplate
130 also has a front lip that supports a component of the
transmission assembly 20, such as supporting the ring
gear 30, to inhibit axially and rotational movement of the
ring gear 30 relative to the housing 12. In addition, the
support plate 130 supports a cam carrier bearing 32 that
supports the cam carrier 22 relative to the support plate
130, and therefore relative to the motor 100 and the tool
housing 12. The cam carrier bearing 32 is nested within
the support plate 130 adjacent the motor 100. Specifi-
cally, the support plate 130 is positioned between the
motor 100 and transmission assembly 20 and provides
support for the front motor bearing 158 on one side and
for the cam carrier bearing 32 on the other side. In an
embodiment, the support plate 130 includes a recessed
portion 136 that includes a larger diameter than the
cylindrical portion 134 and is sized to receive the cam
carrier bearing 32 therein. The cam carrier bearing 32 is
thus located axially forward of the entire motor 100.
[0087] Inanon-claimed embodiment, motor 100 has a
total length from the rearmost part of the motor (e.g., the
fan 118)to the frontmost part of the motor (e.g., frontof the
windings 113) of approximately 45 mm to 50 mm and a
diameter defined by the outer surface of the stator core
112 of approximately 44 mm to 57 mm (e.g., approxi-
mately 51 mm). In an embodiment, a distance L1 be-
tween a front of the motor, in this example defined by the
forwardmost part of the windings 113, to the rear of the
cam carrier 22, is approximately 10.4 mm. Thus, the
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power tool 10 has a total length of approximately 120
to 130 mm. In an embodiment, the motor 100 produces a
maximum power output of at least 426 watts.

[0088] According to the invention, various examples of
an outer-rotor BLDC motor is provided as a substitute for
the above-described inner-rotor BLDC motor 100, as
described herein with reference to Figs. 4-25. The out-
er-rotor motor may be configured to include many of the
size and power limitations described above with refer-
ence to Figs. 1-4, but it includes an exterior rotor that
surrounds an interior stator. Outer-rotor motors typically
have a higher inertia than comparable inner-rotor motors
due to the greater size of the rotor assembly, which
dampen torque ripple and provide a more stable opera-
tion even atlow speed. Further, outer-rotor motors, due to
the larger area of magnetic flux, are typically capable of
providing higher torque than comparably sized inner-
rotor motors. In an embodiment, the outer-rotor motors
described herein produce more power than the inner-
rotor motor described above, without adding to the over-
all size or length of the tool. In fact, embodiments of the
outer-rotor motor described herein reduce the overall
length of the motor and the power tool.

[0089] Fig. 4 depicts a perspective view of an outer-
rotor BLDC motor 200, according to a first embodiment of
the invention. Fig. 5 depicts a partial exploded view of the
power tool 50 including the outer-rotor BLDC motor 200
and a transmission assembly 56, according to an embo-
diment. Fig. 6 depicts a partially cross-sectional view of
the power tool 50 including the outer-rotor BLDC motor
200, according to an embodiment. Fig. 7 depicts an
exploded view of the outer-rotor BLDC motor 200, ac-
cording to an embodiment.

[0090] Inanembodiment, power tool 50 includes many
of the same features as power tool 10 described above,
including but not limited to, a power tool housing 52
including two clamshells that come together to house
the motor 200, and a nosecone 51 that houses an impact
mechanism (not shown). The transmission assembly 56
is disposed between the motor 200 and the impact me-
chanism and cooperates with the impact mechanism to
selectively impart rotary motion and/or a rotary impact
motion to an output spindle. In an embodiment, tool
housing 52 and transmission assembly 56 respectively
include many of the same features of tool housing and
transmission assembly previously discussed, with some
differences discussed below in detail. To the extent that
these or other power tool components include identical or
similar features as described above, the same reference
numerals are used.

[0091] In an embodiment, as shown in these figures,
the outer rotor-rotor BLDC motor 200 includes an internal
stator assembly 210 received within an external rotor
assembly 240.

[0092] In an embodiment, stator assembly 210 in-
cludes a stator core (also referred to as stator lamination
stack) 212 formed by a series of steel laminations. The
stator lamination stack 212 is mounted on and structu-
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rally supported via a stator mount 214, described below.
The stator lamination stack 212 supports a series of
stator windings (not shown). In an exemplary embodi-
ment, the stator windings are wound in three phases,
which, when respectively energized by a control module,
cause rotation of the rotor assembly 240. For a discus-
sion of structural details of the stator assembly 210,
reference is made to US Patent Publication No.
2020/0343789 filed April 23, 2020.

[0093] In an embodiment, the stator mount 214 in-
cludes an elongated cylindrical portion 222 sized to be
received securely within a central aperture of the stator
lamination stack 212. In an embodiment, the stator lami-
nation stack 212 may be press-fitted over the cylindrical
portion 222 of the stator mount 214. In an embodiment,
stator mount 214 further includes a radial member 220 at
an end of the cylindrical portion 222 outside the body of
the stator lamination stack 212. The radial member 220 of
the stator mount, as described below in detail, engages
the transmission assembly 56 and (in an embodiment) a
portion of the tool housing 52 to structurally pilot and
support the stator assembly 210.

[0094] In an embodiment, a positional sensor board
226 is mounted on an end of the stator lamination stack
212, between the stator lamination stack 212 and the
radial member 220 of the stator mount 214. In an embo-
diment, the positional sensor board 226 includes a series
of Hall sensors positioned for sensing a rotary position of
the rotor assembly 240. Signals indicative of the rotary
position of the rotor assembly 240 are provided by the
Hall sensors to the control module.

[0095] Inanembodiment, rotor assembly 240 includes
a cylindrical rotor core 242 formed around the stator
assembly 210, and a series of permanent magnets
244 secured to the inner surface of the rotor core 242
facing the stator assembly 210 with a small airgap there-
between. As will be described later, the magnets 244 are
held relative to the rotor core 242 via an overmold struc-
ture 245. As the stator windings are energized in a con-
trolled pattern, they magnetically interact with permanent
magnets 244, thus causing the rotation of the rotor as-
sembly 240.

[0096] In an embodiment, the rotor assembly 240
further includes a radial body 246 peripherally connected
(either integrally or discretely) to a rear end of the rotor
core 242. In an embodiment, the radial body 246 includes
a series of openings adjacent the rotor core 242, which
form a series of blades 248 extending radially therebetw-
een. The blades 248 form a fan adjacent the rotor core
242 that generates an airflow with the rotation of the rotor
assembly 240 for colling the stator and rotor components.
In an embodiment, the radial body 246 is centrally
mounted on a rotor shaft 260 via a bushing 262. The
rotation of the rotor assembly 240 is transferred via the
radial body 246 an the bushing 262 to cause rotation of
the rotor shaft 260. In an embodiment, pinion 264 is
mounted on a front end of the rotor shaft 260, or integrally
formed at the front end of the rotor shaft 260, for coupling
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the rotor shaft 260 to transmission assembly 56.

[0097] Inanembodiment, atleasta front motor bearing
266 and a rear motor bearing 268 are mounted on the
rotor shaft 260 and received within the cylindrical portion
222 of the stator mount 214. In an embodiment, rear
motor bearing 268 is fully contained within an envelope
defined by the radial ends of the stator core 212, whereas
the front motor bearing 266 is disposed outside the
envelope. In an embodiment, the rear motor bearing
268 abuts against the bushing 262. In an embodiment,
the front motor bearing 266 is radially inward of the
positional sensor board 226 such that a radial plane of
the positional sensor board 226 intersects the front motor
bearing 266. In an embodiment, a spacer 269 is disposed
between the bearings 266 and 268. In an embodiment,
the bearings 266 and 268 structurally support the rotor
shaft 260 while allowing its free rotation within the stator
assembly 210. The bearings 266 and 268 consequently
structurally support the

[0098] In an embodiment, transmission assembly 56
includes a transmission housing 57 that is substantially
cylindrical and houses the cam carrier 22 and associated
components, and arearwall 270. The radial member 220
of the stator mount 214 is in contact with a rear surface of
the rear wall 270 of the transmission assembly 56. In an
embodiment, radial member 220 includes a center re-
cessed portion 224 formed by an intermediary cylindrical
portion 225 having a larger diameter than the cylindrical
portion 222 and a smaller diameter than the outer per-
iphery of the radial member 220. The center recessed
portion 224 and the intermediary cylindrical portion 225
cooperatively form a cavity facing the transmission as-
sembly 56. In an embodiment, the rear surface of the rear
wall 270 of the transmission assembly 56 includes an
annular center body 272 arranged to be form-fittingly
received within the cavity. Further, in an embodiment,
the outer periphery of the radial member 220 is radially
constrained within an annular peripheral body 275 of the
transmission assembly 56. In an embodiment, the rear
wall 270 of the transmission assembly 56 is recessed
relative to the annular peripheral body 275 and the an-
nular center body 272, forming a cavity sized to receive
the radial member 220 of the stator mount 214. This
arrangement provides a support structure that pilots
and radially supports the stator mount 214 directly to
the transmission assembly 56 and thus relative to the
power tool housing 52.

[0099] Further, in an embodiment, the outer periphery
ofthe radial member 220 of the stator mount 214 includes
a series of notches 228 formed therein in a radially-
inward direction at predetermined locations. the rear
surface of the rear wall 270 of the transmission assembly
56 includes a series of peripheral indentations 274 that
project axially in the direction of the motor 200. The
indentations 274 correspondingly engage the notches
228 of the radial member 220 to rotationally fix the stator
mount 214 to the transmission assembly 56 and thus
relative to the power tool housing 52.
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[0100] Inanembodiment, radial member 220 is axially
constrained and is in direct contact with the rear wall 270
of the transmission assembly 56, and the center re-
cessed portion 224 is axially constrained and is in contact
with the cylindrical portion 222 of the transmission as-
sembly 56. Further, in an embodiment, a radial wall 280 of
the tool housing 52 projects radially between the motor
200 and the transmission assembly 56 around the annual
center body 272 of the transmission assembly 56. In an
embodiment, the radial member 220 of the stator mount
214 is disposed forward of the radial wall 280 and the rest
of the motor assembly 200 is provided rearward of the
radial wall 280. As such, the radial member 220 is axially
clamped by the rear wall 270 of the transmission assem-
bly 56 on one side and by the radial wall 280 of the power
tool housing 52 on the other side. This arrangement
ensures that the stator mount 214 is axially fixed relative
to the transmission assembly 56 and the power tool
housing 52. In an embodiment, the intermediary cylind-
rical portion 225 of the radial member 220 is received
through a center opening of the radial wall 280 such thata
radial plane of the radial wall 280 intersects the inter-
mediary cylindrical portion 225.

[0101] Inanembodiment, the cam carrier bearing 32 of
the transmission assembly 56 is supported by at least a
portion of the annular center body 272. In an embodi-
ment, the radial plane of the radial member 220 of the
stator mount 214 intersects a portion of the cam carrier
bearing 32.

[0102] Inanembodiment, arearend cap 54 is mounted
on the rear end of the power tool housing 52 behind the
motor 200. In an embodiment, the rear end cap 54
captures the rear surface of the radial body 246 and
the fan blades 248 of the rotor assembly 240, thus
providing a baffle for the fan blades 248 to radially expel
the air away from the motor 200. In an embodiment, the
rear end cap 54 includes one or more radial openings 58
that allow the air to be radially expelled from the power
tool 50. In an embodiment, since both bearings 266 and
268 are contained within the stator mount 214, the rear
end cap 54 need not support a bearing of the rotor shaft
260 or make contact with any part of the motor 200. In
other words, the entirety of the motor 200 is piloted and
structurally supported by the transmission assembly 56,
alone or in combination with the radial wall 280 of the tool
housing 52. No part of the motor 200 is supported or in
contact with the rear end cap 54 or the part of the tool
housing 52 surrounding the motor 200. In an embodi-
ment, a gap between the rear end cap 54 and the fan
blades 248 is approximately 6 to 8 mm.

[0103] The embodiment described above provides a
compact yet high power outer-rotor motor 200 having a
small axial length suitable for many power tool applica-
tions such as drills, impact drivers, impact wrenches, etc.
The stator assembly 210 of this embodiment is designed
to be fully supported only on one side of the motor 200 by
the transmission assembly 56 in cooperation with the
radial wall 280 of the tool housing 52. Further, the rotor
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assembly 240 is merely supported by bearings provided
within the stator mount 214, without any further support
needed on the power tool end cap 54.

[0104] Inan embodiment, motor 200 has a total length
from the rearmost part of the motor (e.g., the radial body
246) to the frontmost part of the motor (e.g., front of the
windings 113) of approximately 38 mm to 42 mm and a
diameter as defined by the outer surface of the rotor
assembly 240 of approximately of approximately 44
mm to 57 mm (e.g., approximately 51 mm). In an embo-
diment, a distance L2 between a front of the motor, in this
example defined by the forwardmost part of the windings
(not shown) and/or the frontmost part of the positional
sensor board 226, to the rear of the cam carrier 22, is at
smaller than or equal to 11.8 mm, preferably smaller than
or equal to approximately 11.3 mm. Thus, the power tool
50 has a total length of approximately 115 to 122 mm,
preferably smaller than or equal to 119.5 mm, even more
preferably smaller than or equal to approximately 118.7
mm. In an embodiment, the motor 100 produces a max-
imum power output of at least 620 watts from a 20V max
power tool battery pack.

[0105] A further and/or alternative embodiment of the
invention is described with reference to Figs. 8-11.
[0106] Fig. 8 depicts a perspective view of an outer-
rotor BLDC motor 300, according to a second embodi-
ment of the invention. Fig. 9 depicts a partial exploded
view of a power tool 60 including the outer-rotor BLDC
motor 300 and a transmission assembly 66, according to
an embodiment. Fig. 10 depicts a partially cross-sec-
tional view of the power tool 60 including the outer-rotor
BLDC motor 300, according to an embodiment. Fig. 11
depicts an exploded view of the outer-rotor BLDC motor
300, according to an embodiment.

[0107] Inanembodiment, powertool 60 includes many
of the same features as power tools 10 and/or 50 de-
scribed above, including but not limited to, a power tool
housing 62 including two clamshells that come together
to house the motor 300, and a nosecone 61 that houses
an impact mechanism (not shown). The transmission
assembly 66 is disposed between the motor 300 and
the impact mechanism and cooperates with the impact
mechanism to selectively impart rotary motion and/or a
rotary impact motion to an output spindle. In an embodi-
ment, transmission assembly 66 includes a transmission
housing 67 that is substantially cylindrical and houses the
cam carrier 22 and associated components, and a rear
wall 370. In an embodiment, tool housing 62 and trans-
mission assembly 66 respectively include many of the
same features of tool housing and transmission assem-
bly previously discussed, with some differences dis-
cussed below in detail. To the extent that these or other
power tool components include identical or similar fea-
tures as described above, the same reference numerals
are used.

[0108] In an embodiment, the motor 300 includes
many of the same features as motor 200 described
above, and to the same extent that identical or similar
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features are incorporated in motor 300, the same refer-
ence numerals are used. In an embodiment, motor 300
includes a modified stator mount 314 design. The rear
wall 370 of the transmission assembly 66 also includes a
modified design for retention of the stator mount 314. In
an embodiment, a lock ring 316 is utilized to secure the
stator mount 314 to the transmission assembly 66. These
features are described here in detail.

[0109] In an embodiment, the stator mount 314 in-
cludes an elongated cylindrical portion 322 sized to be
received securely within a central aperture of the stator
lamination stack 212. In an embodiment, the stator lami-
nation stack 212 may be press-fitted over the cylindrical
portion 322 of the stator mount 314. In an embodiment,
stator mount 314 further includes a radial member 320 at
an end of the cylindrical portion 322 outside the body of
the stator lamination stack 212. In an embodiment, radial
member 320 is formed as an outward projecting rim from
the end of the cylindrical portion 322. In an embodiment,
notches 228 are formed at predetermined locations in the
peripheral edge of the radial member 320.

[0110] In an embodiment, the rear wall 370 of the
transmission assembly 66 is integrally formed with an
annular body 372 projecting in the direction of the motor
300. In an embodiment, the annular body 372 forms a
bearing holder facing the cam carrier 22 that securely
receives the cam carrier bearing 32 therein and thus
pilots and supports the cam carrier 22 relative to the
transmission assembly 66. In an embodiment, annular
body 372 includes a diameter that is smaller than the
outer diameter of transmission assembly 66, but greater
than the outer diameter of the radial member 320 of the
stator mount 314. In an embodiment, the outer surface of
the annular body 372 is threaded. A rear surface 374 of
the annular body 372 opposite the cam carrier bearing 32
is slightly recessed relative to the rear end of its outer
surface and sized to receive and engage the radial
member 320 of the stator mount 314. This arrangement
ensures that the stator mount 314 is radially fixed relative
to the transmission assembly 66 and thus radially piloted
to the power tool housing 62. In an embodiment, the rear
surface 374 ofthe annular body 372 includes one or more
projecting indentations 376 arranged to engage the
notches 228 of the stator mount 314. Engagement of
the indentations 376 and the notches 228 rotationally
fixes the stator mount 314 to the transmission assembly
66 and the power tool housing 62.

[0111] Inan embodiment, lock ring 316 includes a nut-
shaped main portion 317 having a threaded inner surface
and a radial portion 318. The nut-shaped main portion
317 is sized to be fastened onto the annular body 372.
The radial portion 318 includes an inner opening having a
slightly larger inner diameter than the outer diameter of
the cylindrical portion 322 of the stator mount 314. The
cylindrical portion 322 is received through the inner open-
ing of the radial portion 328, and the radial portion 318
clamps the radial member 320 of the stator mount 314
against the rear surface 374 of the annular body 372 of
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the transmission assembly 66 when the lock ring 316 is
fastened onto the annular body 372. This arrangement
ensures that the stator mount 314 is axially fixed and
structurally secured to the transmission assembly 66 and
the power tool housing 62.

[0112] In an embodiment, lock ring 316 is slid over the
cylindrical portion 322, thus capturing the radial member
320 of the stator mount 314, before the stator assembly
210is tightly mounted on the cylindrical portion 322. Inan
embodiment, the lock ring 316 and the annular body 372
are both partially received within the center opening
formed by the radial wall 280 of the tool housing 62.
[0113] Inanembodiment, the cam carrier bearing 32 of
the transmission assembly 66 is supported by at least a
portion of the annular body 372. In an embodiment, a
radial plane that intersects a front portion of the lock ring
316 also radially intersects a portion of the cam carrier
bearing 32.

[0114] With this arrangement, like the previous embo-
diment, the stator assembly 210 is fully supported only on
one side of the motor 200 by the transmission assembly
66. Unlike the previous embodiment, however, the radial
wall 280 of the power tool housing 62 is not relied on to
axially fix the stator mount 314 to the transmission as-
sembly 66. Rather, the lock ring 316 is configured to fully
fix and support the stator mount 314 to the transmission
assembly 66 independently of the power tool housing 62.
[0115] A further and/or alternative embodiment of the
invention is described with reference to Figs. 12-18.
[0116] Fig. 12 depicts a perspective view of an outer-
rotor BLDC motor 400, according to a third embodiment
of the invention. Fig. 13 depicts a perspective view of a
transmission assembly 76 configured for coupling with
the motor 400, according to an embodiment. Fig. 14
depicts a partial cross-sectional view of the power tool
70 including the motor 400 and the transmission assem-
bly 76, according to an embodiment.

[0117] Inanembodiment, powertool 70 includes many
ofthe same features as the various power tools described
above, including but not limited to, a power tool housing
72 including two clamshells that come together to house
the motor 400, and a nosecone 71 that houses an impact
mechanism (not shown). The transmission assembly 76
is disposed between the motor 400 and the impact me-
chanism and cooperates with the impact mechanism to
selectively impart rotary motion and/or a rotary impact
motion to an output spindle. In an embodiment, tool
housing 72 and transmission assembly 76 respectively
include many of the same features of tool housing and
transmission assembly previously discussed, with some
differences discussed below in detail. To the extent that
these or other power tool components include identical or
similar features as described above, the same reference
numerals are used.

[0118] In an embodiment, motor 400 includes many of
the same features as motors 100-300 described above,
and to the same extent that identical or similar features
are incorporated in motor 400, the same reference nu-
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merals are used. Inan embodiment, motor400includes a
positional sensor board 416 which, similarly to positional
sensor board 226 described above, senses a rotational
position of the rotor. The motor 400 further includes a
modified stator mount 414 design and the transmission
assembly 76 also includes a corresponding modified
design for coupling with and retention of the stator mount
414, Specifically, in an embodiment, stator mount 414
includes a series of axial and radial tabs 422 and 424 that
extend peripherally from a radial member 420 of the
stator mount 414 and are coupled to a rear end of a
transmission housing 77 of the transmission assembly 76
having a substantially cylindrical body to radially and
rotationally fix the stator mount 414 to the transmission
assembly 76. These features are described here in detail.
[0119] In an embodiment, the stator mount 414 in-
cludes an elongated cylindrical portion 426 sized to be
received securely within a central aperture of the stator
lamination stack 212. In an embodiment, the stator lami-
nation stack 212 may be press-fitted over the cylindrical
portion 426 of the stator mount 414. In an embodiment,
stator mount 414 further includes a radial member 420 at
an end of the cylindrical portion 426 outside the body of
the stator lamination stack 212. In an embodiment, radial
member 420 includes a stepped portion 414 that forms a
bearing holder facing the cam carrier 22 for receiving the
cam carrier bearing 32. In an embodiment, the radial
member 420 has an outer diameter that s slightly smaller
than the outer diameter of the transmission housing 77 by
approximately 2 to 5 mm. In an embodiment, the axial
tabs 422 and radial tabs 424 (in this example four axial
tabs 422 and four radial tabs 424 alternatively arranged)
extend axially and radially outwardly, respectively, from
the outer periphery of the radial member 420. In an
embodiment, an outer periphery formed by distal edges
of the radial tabs 424 includes approximately the same
diameter as the outer diameter of the transmission hous-
ing 77.

[0120] In an embodiment, the transmission assembly
76 includes a front portion 471 that is at least partially
received within the nosecone 71 and a rear portion 473
that is configured to receive and securely house a ring
gear 430. Aninner annular projection 478 separating the
front portion 471 and the rear 473 forms a radial wall
against which the ring gear 430 abuts.

[0121] In an embodiment, the rear portion 473 of the
transmission assembly 76 includes a series of first re-
cessed surfaces 472 and a series of second recessed
surfaces 474 alternatingly formed in its inner surface and
extending axially fromits rear surface. In an embodiment,
the rear surface of the transmission housing 77 includes
notches 475 aligned with the second recessed surfaces
474. In an embodiment, the axial tabs 422 of the stator
mount 414 are slip-fit along the first recessed surfaces
472 to secure the stator mount 414, rotationally and
radially, to the transmission assembly 76. In an embodi-
ment, the ring gear 430 includes a series of (in this
example four) outer tabs 440 that are slidingly received
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in engagement with the second recessed surfaces 474 to
secure the ring gear 430 within the rear portion 473 of the
transmission assembly 76. In an embodiment, radial tabs
424 of the stator mount 414 are received into the notches
475 of the transmission assembly 76 to provide additional
rotational support for the stator mount 414 relative to the
transmission assembly 76. In an embodiment, the radial
member 420, with mated with the transmission housing
77 in this manner, substantially seals the transmission
assembly 70.

[0122] Fig. 15 depicts a partial exploded view of a
power tool 70 including the motor 400 and the transmis-
sion assembly 76, according to an embodiment. Fig. 16
depicts another partial exploded view of the power tool 70
prior to mounting of the motor 400 to the transmission
assembly 76, according to an embodiment. Fig. 17 de-
picts a partial perspective view of the power tool 70 with a
housing half removed to show the motor 400 and the
transmission assembly 76, according to an embodiment.
Fig. 18 depicts zoomed-in view of the transmission as-
sembly 76 and the tool housing 72, according to an
embodiment.

[0123] During the assembly process, as seen in Figs.
15 and 16, the front portion 471 of the transmission
assembly 76 is mounted into the nosecone 71 and the
rear portion 473 is positioned to house the cam carrier 22,
with the ring gear 430 being in radial alignment with the
planet gears 48 of the cam carrier 22. In an embodiment,
an O-ring 450 is received between the front portion 471
and the nosecone 71 to radially secure the transmission
assembly 76. In an embodiment, the motor 400, including
the stator mount 414, is mounted onto the transmission
assembly 76, with the axial tabs 422 fitted along the first
recessed surfaces 472 and the radial tabs 424 received
into the recessed regions 475 of the transmission as-
sembly 76.

[0124] Inanembodiment, as showninFigs. 17 and 18,
the entire assembly is then placed in the tool housing 72.
In an embodiment, the tool housing 72 includes a series
ofthreaded openings 74 facing the nosecone 71. A series
of fasteners 73 are received into the threaded openings
74 to secure the nosecone 71 to the tool housing 72. Inan
embodiment, the tool housing 72 includes annular rims
75 formed around the threaded openings 74. In an em-
bodiment, the front portion 471 of the transmission as-
sembly 76 includes outer protrusions 476 having
rounded outer edges. When fully assembled, the
rounded edges of the outer protrusions 476 rest against
the annular rims 75 of the tool housing 72 to rotational
lock the transmission assembly 76 relative to the tool
housing 72. Further, the tool housing 72 includes a radial
wall 480 that projects radially between the motor 400 and
the transmission assembly 76 and engages the rear
surface of the radial member 420 of the stator mount
414. The radial wall 480 axially constrains the stator
mount 414 against the transmission assembly 76, and
in turn, the transmission assembly 76 against the nose-
cone 71. In this manner, the tool housing 72 cooperates
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with the nosecone 71 to rotationally and axially pilot and
support the transmission assembly 76 and the stator
mount 416.

[0125] The above-described arrangement provides a
structure whereby, like the previous embodiments, the
stator assembly 210 is fully supported only on one side of
the motor 400 by the transmission assembly 76. How-
ever, unlike the previous embodiments, where the reten-
tion features of the stator mount are located between the
transmission assembly and the stator assembly, the
stator mount 416 of the above embodiment is locked into
the transmission housing 77. In other words, the retention
features required for axial, rotational, and radial piloting
and support of the stator mount 416 are located radially
outwardly of the ring gear 430 and the cam carrier bearing
32, and do not occupy the space between the stator
mount 416 and the transmission assembly 76 along
the axial direction. This arrangement thus reducing the
axial length of the power tool 70.

[0126] In an embodiment, a distance L3 between a
front of the motor 400, in this example defined by the
forwardmost part of the windings (not shown) and/or the
frontmost part of the positional sensor board 416, to the
rear of the cam carrier 22, is smaller than or equal to
approximately 10.3 mm, preferably smaller than or equal
to approximately 9.9 mm. Thus, where the motor perfor-
mance, diameter and length are the same as motor 200
described above, this arrangement allows the total length
of the tool to be reduced by an additional 1.4 mm, pre-
ferably to a total length smaller than orequal to 118.4 mm,
even more preferably smaller than or equal to approxi-
mately 117.3 mm.

[0127] A further and/or alternative embodiment of the
invention is described with reference to Figs. 19-22.
[0128] Fig. 19 depicts a perspective view of an outer-
rotor BLDC motor 500, according to a fourth embodiment
of the invention. Fig. 20 depicts a partial exploded view of
a power tool 80 provided with the outer-rotor BLDC motor
500 and a transmission assembly 86, according to an
embodiment. Fig. 21 depicts a partially cross-sectional
view of the power tool 80 including the outer-rotor BLDC
motor 500 and the transmission assembly 86, according
to an embodiment. Fig. 22 depicts a partially exploded
view of the outer-rotor BLDC motor 500, according to an
embodiment.

[0129] Inanembodiment, power tool 80 includes many
ofthe same features as the above-described power tools,
including but not limited to, a power tool housing 82
including two clamshells that come together to house
the motor 500, and a nosecone 81 that houses an impact
mechanism (not shown). The transmission assembly 86
is disposed between the motor 500 and the impact me-
chanism and cooperates with the impact mechanism to
selectively impart rotary motion and/or a rotary impact
motion to an output spindle. In an embodiment, tool
housing 82 and transmission assembly 86 respectively
include many of the same features of tool housing and
transmission assembly previously discussed, with some
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differences discussed below in detail. To the extent that
these or other power tool components include identical or
similar features as described above, the same reference
numerals are used.

[0130] Inan embodiment, motor 500 includes many of
the same features as the motors 200-400 described
above, and to the extent that identical or similar features
are incorporated in motor 500, the same reference nu-
merals are used. Similarly, the transmission assembly 86
includes many of the same features as transmission
assemblies described above, and to the extent that iden-
tical or similar features are incorporated in, the same
reference numerals are used. In an embodiment, unlike
the previous embodiments, motor 500 includes a stator
mount assembly 514 having an integrated mounting
member 518 that supports the stator on one side and
includes a ring gear mount 534 for supporting a ring gear
530 on the other side. Accordingly, in an embodiment,
some components of the transmission assembly 86,
including the ring gear 530 and the associated planet
gears of the cam carrier 22, are at least partially nested
within the integrated mounting member 518. Integration
of the ring gear mount 534 and the ring gear 530 to the
motor assembly contributes to a reduction in axial length
of the power tool 80. Details of the stator mount assembly
514 and the transmission assembly 86 are discussed
below.

[0131] In an embodiment, stator mount assembly 514
includes a stator mount 516. Stator mount 516 includes
an elongated cylindrical portion 522 sized to be received
securely within a central aperture of the stator lamination
stack 212. In an embodiment, the stator lamination stack
212 may be press-fitted over the cylindrical portion 522 of
the stator mount 516. In an embodiment, stator mount
516 further includes a radial member 520 extending
radially from an end of the cylindrical portion 522 outside
the body of the stator lamination stack 212. In an embodi-
ment, an annular body extends from the radial member
520 opposite the cylindrical portion 522, where the inner
surface of the annular body 524 has a larger diameter
than the inner diameter of the cylindrical portion 522. In
an embodiment, a series of radial arms 525 (in this
example, three radial arms 525) extend radially out-
wardly from the outer surface of the annular body 524,
each arm 525 forming an outer protrusion 526 that ex-
tends further out than the main body of the radial arm 525.
[0132] In an embodiment, stator mount assembly 514
additionally includes the integrated mounting member
518, which is designed to couple to and structurally
support the stator mount 516 on one side and integrally
support the ring gear 530 on the other side. In an embodi-
ment, integrated mounting member 518 is a molded
structure formed around the stator mount 516.

[0133] In an embodiment, the integrated mounting
member 518 includes a radial member 532 that radially
occupies spaces between the arms 525 of the stator
mount 516 and together with the arms 525 forms a radial
partitioning wall separating the stator mount 516 from the
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transmission assembly 86. An annular portion 531 of the
integrated mounting member 518 extending rearward
from the radial member 532 includes a first series of
peripheral openings 536 through which the outer protru-
sions 526 of the radial arms 525 are radially received.
[0134] In an embodiment, the integrated mounting
member 518 further includes the ring gear mount 534
having a generally cylindrical peripheral body for support-
ing the ring gear 530. The ring gear 530, which is con-
ventionally provided in the transmission assembly sepa-
rately from the motor, is incorporated into the integrated
mounting member 518 and supported within the ring gear
mount 534 adjacent the stator mount 516 opposite the
radial partitioning wall. The ring gear mount 534 includes
a series of second openings 538 that receive outer tabs
540 of the ring gear 530 to rotationally secure the ring
gear 530. The ring gear mount 534 further includes inner
rims 537 and 539 that engage axial ends of the ring gear
530. These features provide a structure whereby the
integrated mounting member 518 axially, radially and
rotationally constrains and affixes the ring gear 530
and the stator mount 516 relative to one another.
[0135] In an embodiment, the transmission assembly
86 includes a transmission housing 87 that is substan-
tially cylindrical and extends integrally from the nosecone
81 with a rear end 574 thereof facing the motor 500. The
integrated mounting member 518 is form-fittingly re-
ceived within the transmission housing 87 through rear
end 574 thereof. A C-clip 552 is provided to axially stop a
front end of the ring gear mount 534. The C-clip 552
positions the radial partitioning wall (formed by the radial
member 532 of the integrated mounting member 518 and
the arms 525 of the stator mount 516) adjacent the cam
carrier 22 of the transmission assembly 86 and radially
aligns the ring gear 530 with the planet gears of the cam
carrier 22. In an embodiment, the transmission housing
87 includes an annular groove to securely receive the C-
clip 552. The integrated mounting member 518 is further
radially and axially secured to the transmission housing
87 of the transmission assembly 86 via an O-ring 550. In
an embodiment, the integrated mounting member 518
and transmission housing 87 are provided with corre-
sponding annular grooves to receive the O-ring 550. Inan
embodiment, the O-ring 550 cooperates with the inte-
grated mounting member 518 to substantially seal the
transmission assembly 86.

[0136] Inan embodiment, the rear end 574 includes a
series of notches 572 that receive the outer protrusions
526 of the radial arms 525 of the stator mount 516, thus
rotationally affixing the stator mount assembly 514 to the
transmission assembly 86. Further, in an embodiment,
once assembled inside the tool housing 82, arear surface
of the radial partitioning wall (i.e., the radial member 532
and the arms 525) rests against a radial wall 580 of the
tool housing 82 to hold the ring gear mount 534 against
the C-clip and thus axially secure the stator mount as-
sembly 514 to the transmission assembly 86. These
features cooperate to constrain and affix the stator mount
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assembly 514 relative to the transmission assembly 86
and the tool housing 82 in axial, radial and rotational
directions.

[0137] In an embodiment, an outer race of the cam
carrier bearing 32 of the transmission assembly 86 is
received and supported within the annular body 524 of
the stator mount 526. Accordingly, the cam carrier bear-
ing 32 is piloted to and supported by the stator mount
assembly 514. In an embodiment, both the ring gear 530
and the cam carrier bearing 32 may be pre-assembled
into the stator mount assembly 514 prior to assembly of
the transmission assembly 86 and the moto 500 within
the power tool 80.

[0138] In an embodiment, integration of the ring gear
530 and the cam carrier bearing 32 into the stator mount
assembly 514 provides a structure in which features
required to structurally support the stator mount 516
are integrated radially outwardly of the ring gear 530
and the cam carrier bearing 32, thus reducing the axial
length of the power tool.

[0139] In an embodiment, a distance L4 between a
front of the motor 500, in this example defined by the
forwardmost part of the windings (not shown) and/or the
frontmost part of the positional sensor board 226, to the
rear of the cam carrier 22, is smaller than or equal to
approximately 7.7 mm, preferably smaller than or equal
to approximately 7.2 mm. Thus, where the motor perfor-
mance, diameter and length are the same as motor 200
described above, this arrangement allows the total length
of the tool to be reduced by approximately an additional
4.1 mm, preferably to a total length smaller than or equal
to approximately 115.8 mm, even more preferably smal-
ler than or equal to approximately 114.6 mm.

[0140] A further and/or alternative embodiment of the
invention is described with reference to Figs. 23-25.
[0141] Fig. 23 depicts a perspective view of an outer-
rotor BLDC motor 600, according to a fifth embodiment of
the invention. Fig. 24 depicts a partially exploded view of
the outer-rotor BLDC motor 600, according to an embo-
diment. Fig. 25 depicts a partially cross-sectional view of
the power tool 90 including the outer-rotor BLDC motor
600 and the transmission assembly 96, according to an
embodiment.

[0142] Inanembodiment, powertool 90 includes many
ofthe same features as the above-described power tools,
including but not limited to, a power tool housing 92
including two clamshells that come together to house
the motor 600, and a nosecone 91 that houses an impact
mechanism (not shown). Similarly, motor 600 includes
many of the same features as the motor 500 described
above. To the extent that these or other power tool
components include identical or similar features as de-
scribed above, the same reference numerals are used.
[0143] In this embodiment, like the previous embodi-
ment, motor 600 includes a stator mount assembly 614
that integrally structurally supports the ring gear 530 and
the stator mount 516. Like the previous embodiment, the
stator mount assembly 614 includes an integrated
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mounting member 618 that is coupled to the stator mount
516 on one side and includes a radial member 532
formed in contact with the stator mount 516. Also, the
stator mountassembly 614 includes a ring gear mount for
supporting the ring gear 530. The rotor assembly 240,
positional sensor board 226, stator mount 516, and ring
gear 530, among other features, remain substantially
unchanged.

[0144] In this embodiment, however, the portion of the
integrated mounting member 618 that forms the ring gear
mount is elongated and forms a transmission housing
670 of the transmission assembly 96 that has a substan-
tially cylindrical body and houses various transmission
components such as the carrier, the transmission spring
41, and the cam shaft 39. Thus, unlike the previous
embodiment, the housing of the transmission assembly
96 is not formed as a part of the nosecone 91. Rather, the
transmission housing 670 is integrally incorporated as a
part of the stator mount assembly 614. Integration of the
transmission housing 670 into the stator mount assembly
614 reduces necessary components and provides a
more robust and easier to manufacture design. Details
of the integrated mounting member 618 are discussed
below.

[0145] In an embodiment, the integrated mounting
member 618 includes a molded structure formed around
the stator mount 516 to radially, rotationally, and axially
support the stator mount 516. The integrated mounting
member 618 includes many of the retention and support
features described above, including the radial member
532 and openings 536, details of which are not repeated
here. The molded structure further includes inner rims
537 and 539 that engage axial ends of the ring gear 530 to
form the ring gear mount within the transmission housing
670 adjacent the radial member 532. The molded struc-
ture is formed in engagement with the outer tabs 540 of
the ring gear 530 to rotationally, as well as axially and
radially, support the ring gear 530.

[0146] In an embodiment, the length of the transmis-
sion housing 670 is greater than alength of the motor 240.
In an embodiment, a front portion 671 of the transmission
housing 670 extends beyond a front end of the tool
housing 92 and a front end of the cam carrier 22. The
front portion 671 is at least partially received within the
nosecone 91. In an embodiment, an O-ring 673 is dis-
posed between the front portion 671 of the transmission
housing 670 and the nosecone 91 to substantially seal
the transmission assembly 96.

[0147] In an embodiment, the front portion 671 in-
cludes outer protrusions 676 having rounded outer
edges. When fully assembled, the rounded edges of
the outer protrusions 676 (similar to outer projections
476 described previously) engage the annular rims
formed around threaded openings of the tool housing
92 to rotational lock the transmission assembly 96 rela-
tive to the tool housing 92.

[0148] The above-described arrangement provides a
structure whereby, like the previous embodiments, the
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stator assembly 210 is fully supported only on one side of
the motor 600 by the transmission assembly 96. How-
ever, unlike the previous embodiments, where the trans-
mission assembly 96 is provided separately from the
motor and as an integral part of the nosecone, in this
embodiment, the transmission housing 670 is integrally
incorporated into the integrated mounting member 618
and is therefore pre-assembled with the motor 600 prior
to the full assembly into the power tool 90. This arrange-
ment provides a highly robust and reliable structure thatis
easy and efficient to manufacture.

[0149] Various aspects and embodiments of the rotor
assembly 240 are described herein with reference to
Figs. 26-34.

[0150] Fig. 26 depicts an exploded perspective view of
the rotor assembly 240, according to an embodiment.
Fig. 27 depicts a side cross-sectional view of the rotor
assembly 240, according to an embodiment. Fig. 28
depicts a partial perspective view of the rotor assembly
240, according to an embodiment.

[0151] As shown in these figures, permanent magnets
244, of which ten are provided in this example, are
secured to the rotor core 242 via the overmold structure
245. In an embodiment, the permanent magnets 244 are
mounted to the inner surface of the rotor core 242 and
secured via an injection-molding or over-molding pro-
cess to form the overmold structure 245. In an embodi-
ment, the rotor core 242 includes a series of axially
projecting teeth 243. The overmold structure 245 is
formed around the teeth 243 along with the rest of the
rotor core 242, ensuring that the rotor core 242 is rota-
tionally fixed relative to the overmold structure 245. The
teeth 243 also allow the molding machine to secure the
rotor core 242 during the molding process. As such,
overmold structure 245, when viewed in isolation, in-
cludes end slots 252 that contain the teeth 243 of the
rotor core 242, and inner magnet grooves 254 that cap-
ture the permanent magnets 244. In an embodiment,
permanent magnets 244 include chamfers that, when
engaged by the overmold structure 245, retain the per-
manent magnets 244 against the inner surface of the
rotor core 242.

[0152] Fig. 29 depict a perspective view of a rotor core
241, according to an alternative and/or additional embo-
diment of the invention. Fig. 30 depicts a coil-shape
continuous wire rod 249 used to form the rotor core
241, according to an embodiment. Fig. 31 depicts an
exploded view of the rotor assembly 240 utilizing the rotor
core 241, according to an embodiment.

[0153] Inthis embodiment, the rotor core 241, which is
the flux ring to which the magnets are mounted, is made
of the coil-shaped continuous wire rod 249. The wire rod
249 may be wound around a tubular body to form the coil-
shaped pattern, then welded to form a solid flux ring body.
Additionally, and/or alternatively, the wire rod 249 may be
compressed and held together via the overmold structure
245. The wire rod 249 is less expensive than a seamless
tube.
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[0154] Fig. 32 depicts a perspective view of the rotor
assembly 240, according to a further and/or alternative
embodiment. In this embodiment, the rotor core is not
formed separately from the overmold structure. Rather,
the rotor assembly 240 includes a rotor core 247 formed
using a metal injection molding (MIM) process. In this
process, finely-powdered metal is mixed with a binding
material and molded to the desired shape of the rotor core
247. In an embodiment, the rotor core 247 is formed
around the magnets 244 during the MIM process. The
molded magnet core 247 increases the magnetic flux of
the rotor assembly 240 similarly to a conventional rotor
core made of afluxring, butitis easier and less expensive
to manufacture with a high dimensional accuracy.
[0155] Fig. 33 depicts a perspective view of a rotor core
700 for use in the rotor assembly 240, according to a
further and/or alternative embodiment. Fig. 34 depicts an
explode view of the rotor core 700, according to an
embodiment.

[0156] In this embodiment, the rotor core 700 com-
prises a metal portion 710 and a molded portion 720.
The metal portion is made of stamped metal and includes
a cylindrical body 712, an inner cylindrical member 714
for securely receiving a rotor shaft (not shown), and a
series of first radial arms 716 integrally attached and
extending radially between the cylindrical body 712
and the inner cylindrical member 714. The molded por-
tion 720 is formed from resin or epoxy material via an
insert-molding or injection-molding process around the
metal portion 710. The molded portion 720 includes a
radial plate 722 having a first center opening and located
along a first radial plane, and a series of second radial
arms 726 that are attached to the radial plate 722 via a
series of axial pins 724 and are formed along a second
radial plane. When the molding process is completed, the
radial plate 722 is located in contact with rear surfaces of
the first radial arms 716, and the second radial arms 726
are located in contact with front surfaces of the first radial
arms 716. In an embodiment, the first radial arms 716
may include a series of through-holes (not shown)
through which the axial pins 714 extend between the
radial plate 722 and the second radial arms 726. It is
noted, however, that the mold structure may wrap around
the first radial arms 716 to connect the radial plate 722 to
the second radial arms 726. In an embodiment, the
second radial arms 726 extend radially from a center ring
728 that is formed around the inner cylindrical member
714. In an embodiment, the second radial arms 726 may
be formed in the molding processin any desired fan blade
contour designed to cooperate with the first radial arms
716 to optimize airflow generation.

[0157] Fig. 35 depicts a perspective exploded view of
the stator assembly 210 and the positional sensor board
226, according to an embodiment. Fig. 36 depicts a
partial perspective view of the motor 600 including the
positional sensor board 226, according to an embodi-
ment. In an embodiment, stator core 212 includes a
center annular body 750 and a series of outwardly pro-
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jecting teeth 752. Stator windings (not shown) are wound
around the stator teeth 752. In an embodiment, a molded
insulating body 760 formed around the stator core 212 to
electrically insulate the stator teeth 752 from the wind-
ings. The insulating body 760 substantially covers both
end surfaces of the stator core 212 and the inner surfaces
of the stator teeth 752. In an embodiment, the insulating
body 760 further includes a series of first axial posts 762
that support the positional sensor board 226 at a set
distance relative to the stator core 212. In an embodi-
ment, the insulating body 760 further includes a series of
second axial posts 764 that support motor terminals 766.
Inan embodiment, there are three second axial posts 764
are provided to support three motor terminals 766. The
three second axial posts 764 are aligned with three
adjacent ones of the stator teeth 752.

[0158] Fig. 37 depicts a zoomed-in view of one of the
second axial posts 764 and a corresponding motor term-
inal 766, according to an embodiment. In an embodi-
ment, each terminal 766 includes a substantially planar
body and a rear tab 768. The insulating body 760 is
molded to securely capture the rear tab 768 within the
second axial post 764.

[0159] In an embodiment, referring again to Figs. 35
and 36, the positional sensor board 226 is substantially
C-shaped with an outer diameter that is slightly greater
than the outer diameter of the stator core 212 and aninner
diameter than is greater than the diameter of the center
annular body 750. A series of positional sensors 770 are
mounted on the positional sensor board 226 to sense a
magnetic flux of the rotor. The positional sensor board
226 includes a series of openings 772 that receive the
first axial posts 762 to secure the positional sensor board
226 to the insulating body 760. Further, the ends of the
positional sensor board 226 define a gap 774 that is
aligned with the motor terminals 762. In an embodiment,
the gap 774 extends an angular distance of approxi-
mately 40 to 50 degrees. This structure allows motor
terminals 766 to be received within the gap 774 and
therefore be orientated radially in-line with the positional
sensor board 226.

[0160] Example embodiments have been provided so
that this disclosure will be thorough, and to fully convey
the scope to those who are skilled in the art. Numerous
specific details are set forth such as examples of specific
components, devices, and methods, to provide a thor-
ough understanding of embodiments of the present dis-
closure. It will be apparent to those skilled in the art that
specific details need not be employed, that example
embodiments may be embodied in many different forms
and that neither should be construed to limit the scope of
the disclosure. In some example embodiments, well-
known processes, well-known device structures, and
well-known technologies are not described in detail.
[0161] The terminology used herein is for the purpose
of describing particular example embodiments only and
is notintended to be limiting. As used herein, the singular
forms "a," "an," and "the" may be intended to include the
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plural forms as well, unless the context clearly indicates
otherwise. The terms "comprises," "comprising," "includ-
ing," and "having," are inclusive and therefore specify the
presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features,
integers, steps, operations, elements, components, an-
d/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as
necessarily requiring their performance in the particular
order discussed or illustrated, unless specifically identi-
fied as an order of performance. It is also to be under-
stood that additional or alternative steps may be em-
ployed.

[0162] Whenanelementorlayeris referred to as being
"on," "engaged to," "connected to," or "coupled to" an-
other element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly engaged to," "directly connected to," or
"directly coupled to" another element or layer, there
may be no intervening elements or layers present. Other
words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., "be-
tween" versus "directly between," "adjacent" versus "di-
rectly adjacent," etc.). As used herein, the term "and/or"
includes any and all combinations of one or more of the
associated listed items.

[0163] Although the terms first, second, third, etc. may
be used herein to describe various elements, compo-
nents, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not
be limited by these terms. These terms may be only used
to distinguish one element, component, region, layer or
section from another region, layer or section. Terms such
as "first," "second," and other numerical terms when used
herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, compo-
nent, region, layer or section discussed below could be
termed a second element, component, region, layer or
section without departing from the teachings of the ex-
ample embodiments.

[0164] Terms of degree such as "generally," "substan-
tially," "approximately," and "about" may be used herein
when describing the relative positions, sizes, dimen-
sions, or values of various elements, components, re-
gions, layers and/or sections. These terms mean that
such relative positions, sizes, dimensions, or values are
within the defined range or comparison (e.g., equal or
close to equal) with sufficient precision as would be
understood by one of ordinary skill in the art in the context
of the various elements, components, regions, layers
and/or sections being described.

[0165] The foregoing description of the embodiments
has been provided for purposes of illustration and de-
scription. It is not intended to be exhaustive. Individual
elements or features of a particular embodiment are
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generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used
in a selected embodiment. The same may also be varied
in many ways. Such variations are notto beregarded as a
departure from the disclosure..

Claims
1. A power tool comprising:

a tool housing (82);

a brushless direct-current (BLDC) motor (500)
disposed in the tool housing and including a
stator (210) including a stator core having an
aperture extending therethrough and a plurality
of stator windings, a rotor (240) comprising a
cylindrical rotor core (242) supporting at least
one permanent magnet (244) around an outer
surface of the stator core, and a rotor shaft (260)
rotatably coupled to the rotor;

a stator mount assembly (514) comprising a
stator mount (516) including an axial member
(522) secured to the stator, and an integrated
mounting member (518) including a radial mem-
ber (532) secured to the stator mount,
characterized in that the power tool further
comprises a ring gear mount (534) extending
from the radial member away from the motor,
and aring gear (530) supported by the ring gear
mount; and

a transmission (86) secured to the tool housing,
the transmission including a transmission hous-
ing (87) having a generally cylindrical body, and
a planetary gear set including a carrier and at
least one planet gear rotatably mounted to the
carrier, wherein the ring gear meshes with the at
least one planet gear.

2. The power tool of claim 1, wherein the rotor com-
prises a rear wall proximate a rear end of the stator
that is mounted on the rotor shaft, the rotor shaft
extending through the aperture of the stator to be
coupled to the input member of the transmission,

wherein the axial member of the stator mount
comprises a cylindrical portion (522) onto which
the stator core is securely mounted,

wherein the rotor shaft extends through the cy-
lindrical portion,

further comprising at least one motor bearing
(266) having an inner race mounted on the rotor
shaft and an outer race secured within the cy-
lindrical portion.

3. The power tool of claim 1 or 2, wherein the stator
mount includes at least one radial arm (525), and
wherein the radial member of the integrated mount-
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ing member is molded around the at least one radial
arm to secure the integrated mounting member to
the stator mount.

The power tool of claim 3, wherein the stator mount
includes atleast one protrusion (526) thatis received
into a peripheral opening (536) of the integrated
mounting member to secure the integrated mounting
member at least rotationally to the stator mount.

The power tool of any preceding claim, further com-
prising a carrier bearing (32) configured to support
the carrier relative to the stator mount assembly,
wherein the stator mount includes a frontal annular
body (524) forming a bearing holder for the carrier
bearing to radially align the carrier bearing with the
radial member of the integrated mounting member.

The power tool of any preceding claim, wherein the
ring gear mountis discretely coupled to the transmis-
sion housing and the transmission housing overlaps
at least the ring gear mount of the integrated mount-
ing member, further comprising an O-ring (550) dis-
posed between the integrated mounting member
and the transmission housing to substantially seal
the transmission.

The power tool of claim 6, further comprising a
nosecone (81) mounted on the tool housing to pro-
vide an output member configured to be rotatably
driven by a cam shaft coupled to the carrier, wherein
the transmission housing is integrally formed with the
nosecone and extends rearwardly therefrom inside
the tool housing.

A power tool comprising:

a tool housing (92);

a brushless direct-current (BLDC) motor (500)
disposed in the tool housing and including a
stator (210) including a stator core having an
aperture extending therethrough and a plurality
of stator windings, a rotor (240) comprising a
cylindrical rotor core (242) supporting at least
one permanent magnet (244) around an outer
surface of the stator core, and a rotor shaft (260)
rotatably coupled to the rotor; and

a stator mount assembly (614) comprising a
stator mount (516) including an axial member
(522) secured to the stator, and an integrated
mounting member (618) including a radial mem-
ber secured to the stator mount and a transmis-
sion housing (670) having a generally cylindrical
body integrally extending from the radial mem-
ber away from the motor, wherein the transmis-
sion housing is secured to the tool housing and
houses components of a transmission charac-
terized in that the components of the transmis-
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sion include a carrier (22), at least one planet
gear rotatably mounted to the carrier, and a ring
gear (530) supported by the transmission hous-
ing and meshed with the atleastone planetgear.

The power tool of claim 8, wherein the rotor com-
prises a rear wall proximate a rear end of the stator
that is mounted on the rotor shaft, the rotor shaft
extending through the aperture of the stator to be
coupled to the input member of the transmission,

wherein the axial member of the stator mount
comprises a cylindrical portion onto which the
stator core is securely mounted,

wherein the rotor shaft extends through the cy-
lindrical portion,

further comprising at least one motor bearing
(266) having an inner race mounted on the rotor
shaft and an outer race secured within the cy-
lindrical portion.

The power tool of claim 8 or 9, wherein the stator
mount includes at least one radial arm (525), and
wherein the radial member of the integrated mount-
ing member is molded around the at least one radial
arm to secure the integrated mounting member to
the stator mount.

The power tool of claim 10, wherein the stator mount
includes atleast one protrusion (526) thatis received
into a peripheral opening (536) of the integrated
mounting member to secure the integrated mounting
member at least rotationally to the stator mount.

The power tool of any of claims 8 to 11, further
comprising a carrier bearing (32) configured to sup-
port the carrier relative to the stator mount assembly,
wherein the stator mount includes a frontal annular
body (524) forming a bearing holder for the carrier
bearing to radially align the carrier bearing with the
radial member of the integrated mounting member.

The power tool of any of claims 8 to 12, further
comprising a nosecone (91) mounted on the tool
housing to provide an output member, wherein a
front portion of the transmission housing extends
out of the tool housing and is received within the
nosecone.

The power tool of claim 13, further comprising an O-
ring (673) disposed between the front portion of the
transmission housing and the nosecone to substan-
tially seal the transmission assembly.

The power tool of any of claims 8 to 14, wherein the
transmission housing includes at least one inner rim
(573) that engages an axial end of the ring gear to
secure the ring gear within the transmission housing,
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and a plurality of outer protrusions (676) on the outer
surface of the transmission housing configured to
engage a portion of the tool housing to rotationally fix
the transmission.

Patentanspriiche

1.

Elektrowerkzeug, umfassend:

ein Werkzeuggehause (82);

einen birstenlosen Gleichstrom-, (BLDC)-Mo-
tor (500), der in dem Werkzeuggehause ange-
ordnet ist und einen Stator (210), der einen
Statorkern beinhaltet, der eine Offnung auf-
weist, die sich durch ihn hindurch erstreckt,
und eine Vielzahl von Statorwicklungen, einen
Rotor (240), der einen zylindrischen Rotorkern
(242) umfasst, der mindestens einen Perma-
nentmagneten (244) um eine AuRenoberflache
des Statorkerns herum tragt, und eine Rotor-
welle (260) beinhaltet, die drehbar mit dem Ro-
tor gekoppelt ist;

eine Statorbefestigungsanordnung (514), die
eine Statorbefestigung (516), die ein am Stator
gesichertes axiales Element (522) beinhaltet,
und ein integriertes Befestigungselement
(518) umfasst, das ein an der Statorbefestigung
gesichertes radiales Element (532) beinhaltet,
dadurch gekennzeichnet, dass das Elektro-
werkzeug weiter eine Zahnkranzbefestigung
(534), die sich von dem radialen Element weg
vom Motor erstreckt, und einen Zahnkranz (530)
umfasst, der von der Zahnkranzbefestigung ge-
tragen wird; und

ein Getriebe (86), das am Werkzeuggehause
gesichert ist, wobei das Getriebe ein Getriebe-
gehause (87), das einen im Allgemeinen zylind-
rischen Korper aufweist, und einen Planeten-
radsatz beinhaltet, der einen Trager und min-
destens ein Planetenrad beinhaltet, das drehbar
am Trager montiert ist, wobei der Zahnkranz mit
dem mindestens einen Planetenrad in Eingriff
steht.

Elektrowerkzeug nach Anspruch 1, wobei der Rotor
eine Riickwand in der Nahe eines hinteren Teils des
Stators umfasst, die an der Rotorwelle montiert ist,
wobei sich die Rotorwelle durch die Offnung des
Stators hindurch erstreckt, um mit dem Eingangs-
element des Getriebes gekoppelt zu werden,

wobei das axiale Element der Statorbefestigung
einen zylindrischen Abschnitt (522) umfasst, an
den der Statorkern sicher montiert ist,

wobei sich die Rotorwelle durch den zylindri-
schen Abschnitt hindurch erstreckt,

weiter mindestens ein Motorlager (266) umfas-
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send, das einen auf der Rotorwelle montierten
Innenring und einen innerhalb des zylindrischen
Abschnitts gesicherten Au3enring aufweist.

Elektrowerkzeug nach Anspruch 1 oder 2, wobei die
Statorbefestigung mindestens einen radialen Arm
(525) beinhaltet, und wobei das radiale Element
des integrierten Befestigungselements um den min-
destens einen radialen Arm herum geformt ist, um
das integrierte Befestigungselement an der Stator-
befestigung zu sichern.

Elektrowerkzeug nach Anspruch 3, wobei die Sta-
torbefestigung mindestens einen Vorsprung (526)
beinhaltet, der in einer Umfangsoffnung (536) des
integrierten Befestigungselements aufgenommen
ist, um das integrierte Befestigungselement zumin-
dest drehbar an der Statorbefestigung zu sichern.

Elektrowerkzeug nach einem vorstehenden An-
spruch, das weiter ein Tragerlager (32) umfasst,
das konfiguriert ist, um den Trager in Bezug zur
Statorbefestigungsanordnung zu tragen, wobei die
Statorbefestigung einen vorderen ringférmigen Kor-
per (524) beinhaltet, der einen Lagerhalter flir das
Tragerlager bildet, um das Tragerlager radial mit
dem radialen Element des integrierten Befesti-
gungselements auszurichten.

Elektrowerkzeug nach einem vorstehenden An-
spruch, wobei die Zahnkranzbefestigung diskret
mit dem Getriebegehause gekoppelt ist und das
Getriebegehause zumindest die Zahnkranzbefesti-
gung des integrierten Befestigungselements uber-
lappt, weiter einen O-Ring (550) umfassend, der
zwischen dem integrierten Befestigungselement
und dem Getriebegehause angeordnet ist, um das
Getriebe im Wesentlichen abzudichten.

Elektrowerkzeug nach Anspruch 6, das weiter einen
Nasenkegel (81) umfasst, der am Werkzeuggehau-
se montiert ist, um ein Ausgangselement bereitzu-
stellen, das konfiguriert ist, um von einer Nocken-
welle, die mit dem Trager gekoppelt ist, drehbar
angetrieben zu werden, wobei das Getriebegehause
in einem Stiick mit dem Nasenkegel gebildet ist und
sich von diesem nach hinten in das Innere des Werk-
zeuggehauses erstrecki.

Elektrowerkzeug, umfassend:

ein Werkzeuggehause (92);

einen burstenlosen Gleichstrom-, (BLDC)-Mo-
tor (500), der in dem Werkzeuggehause ange-
ordnet ist und einen Stator (210), der einen
Statorkern beinhaltet, der eine Offnung auf-
weist, die sich durch ihn hindurch erstreckt,
und eine Vielzahl von Statorwicklungen, einen
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Rotor (240), der einen zylindrischen Rotorkern
(242) umfasst, der mindestens einen Perma-
nentmagneten (244) um eine AulRenoberflache
des Statorkerns herum tragt, und eine Rotor-
welle (260) beinhaltet, die drehbar mit dem Ro-
tor gekoppelt ist; und

eine Statorbefestigungsanordnung (614), die
eine Statorbefestigung (516), die ein am Stator
gesichertes axiales Element (522) beinhaltet,
und ein integriertes Befestigungselement
(618) umfasst, das ein an der Statorbefestigung
gesichertes radiales Element und ein Getriebe-
gehause (670) beinhaltet, das einen im Allge-
meinen zylindrischen Kdrper aufweist, der sich
in einem Stiuck vom Radialelement weg vom
Motor erstreckt, wobei das Getriebegehause
am Werkzeuggehause gesichert ist und Kom-
ponenten eines Getriebes beherbergt,
dadurch gekennzeichnet, dass die Kompo-
nenten des Getriebes einen Trager (22), min-
destens ein Planetenrad, das drehbar am Tra-
ger befestigt ist, und einen Zahnkranz (530)
beinhalten, der vom Getriebegehause getragen
wird und mitdem mindestens einen Planetenrad
in Eingriff steht.

Elektrowerkzeug nach Anspruch 8, wobei der Rotor
eine Rickwand in der Nahe eines hinteren Teils des
Stators umfasst, die an der Rotorwelle montiert ist,
wobei sich die Rotorwelle durch die Offnung des
Stators hindurch erstreckt, um mit dem Eingangs-
element des Getriebes gekoppelt zu werden,

wobei das axiale Element der Statorbefestigung
einen zylindrischen Abschnitt umfasst, an den
der Statorkern sicher montiert ist,

wobei sich die Rotorwelle durch den zylindri-
schen Abschnitt hindurch erstreckt,

weiter mindestens ein Motorlager (266) umfas-
send, das einen auf der Rotorwelle montierten
Innenring und einen innerhalb des zylindrischen
Abschnitts gesicherten AuRRenring aufweist.

Elektrowerkzeug nach Anspruch 8 oder 9, wobei die
Statorbefestigung mindestens einen radialen Arm
(525) beinhaltet, und wobei das radiale Element
des integrierten Befestigungselements um den min-
destens einen radialen Arm herum geformt ist, um
das integrierte Befestigungselement an der Stator-
befestigung zu sichern.

Elektrowerkzeug nach Anspruch 10, wobei die Sta-
torbefestigung mindestens einen Vorsprung (526)
beinhaltet, der in einer Umfangsoffnung (536) des
integrierten Befestigungselements aufgenommen
ist, um das integrierte Befestigungselement zumin-
dest drehbar an der Statorbefestigung zu sichern.
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Elektrowerkzeug nach einem der Anspriiche 8 bis
11, das weiter ein Tragerlager (32) umfasst, das
konfiguriert ist, um den Trager in Bezug zur Stator-
befestigungsanordnung zu tragen, wobei die Stator-
befestigung einen vorderen ringférmigen Korper
(524) beinhaltet, der einen Lagerhalter fiir das Tra-
gerlager bildet, um das Tragerlager radial mit dem
radialen Element des integrierten Befestigungsele-
ments auszurichten.

Elektrowerkzeug nach einem der Anspriiche 8 bis
12, das weiter einen Nasenkegel (91) umfasst, der
am Werkzeuggehause montiert ist, um ein Aus-
gangselement bereitzustellen, wobei sich ein vor-
derer Abschnitt des Getriebegehduses aus dem
Werkzeuggehause heraus erstreckt und innerhalb
des Nasenkegels aufgenommen ist.

Elektrowerkzeug nach Anspruch 13, das weiter ei-
nen O-Ring (673) umfasst, der zwischen dem vor-
deren Abschnitt des Getriebegehduses und dem
Nasenkegel angeordnet ist, um die Getriebeanord-
nung im Wesentlichen abzudichten.

Elektrowerkzeug nach einem der Anspriiche 8 bis
14, wobei das Getriebegehduse mindestens einen
inneren Rand (573), der in ein axiales Ende des
Zahnkranzes eingreift, um den Zahnkranz innerhalb
des Getriebegehauses zu sichern, und eine Vielzahl
von auleren Vorspriingen (676) an der AuRenober-
flache des Getriebegehauses beinhaltet, die konfi-
guriert sind, um in einen Abschnitt des Werkzeug-
gehauses einzugreifen, um das Getriebe drehfestzu
fixieren.

Revendications

1.

Outil électrique comprenant :

un boitier d’outil (82) ;
un moteur a courant continu sans balais (BLDC)
(500) disposé dans le boitier d’outil et incluant
un stator (210) incluant un noyau de stator pré-
sentant une ouverture s’étendant a travers ce-
lui-ci et une pluralité d’enroulements de stator,
un rotor (240) comprenant un noyau de rotor
cylindrique (242) supportant au moins un aimant
permanent (244) autour d’'une surface exté-
rieure du noyau de stator, et un arbre de rotor
(260) couplé de maniére rotative au rotor ;

un ensemble de montage de stator (514)
comprenant un élément de fixation de stator
(516) incluant un élément axial (522) fixé au
stator, et un élément de montage intégré (518)
incluant un élément radial (532) fixé a I'élément
de fixation de stator,
caractérisé en ce que

'outil électrique
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comprend en outre un support de couronne
dentée (534) s’étendant depuis I'élément radial
a I'opposé du moteur, et une couronne dentée
(530) supportée par le support de couronne
dentée ; et

une transmission (86) fixée au boitier d’outil, la
transmission incluant un carter de transmission
(87) présentant un corps généralement cylin-
drique, et un ensemble de satellites incluant
un support et au moins un satellite monté de
maniére rotative sur le support, dans lequel la
couronne dentée s’engréne avec le au moins un
satellite.

Outil électrique selon la revendication 1, dans lequel
le rotor comprend une paroi arriére a proximité d’'une
extrémité arriére du stator qui est montée sur I'arbre
de rotor, I'arbre de rotor s’étendant a travers I'ouver-
ture du stator pour étre couplé a I'élément d’entrée
de la transmission,

dans lequel I'élément axial de I'élément de fixa-
tion de stator comprend une partie cylindrique
(522) sur laquelle le noyau de stator est solide-
ment monté,

dans lequel I'arbre de rotor s'étend a travers la
partie cylindrique,

comprenant en outre au moins un palier moteur
(266) présentant une bague intérieure montée
sur l'arbre de rotor et une bague extérieure fixée
a l'intérieur de la partie cylindrique.

Outil électrique selon la revendication 1 ou 2, dans
lequel I'élément de fixation de stator inclut au moins
un bras radial (525), et dans lequel I'élément radial
de I'élément de montage intégré est moulé autour du
au moins un bras radial pour fixer I'élément de mon-
tage intégré a I'élément de fixation de stator.

Outil électrique selon la revendication 3, dans lequel
I'élément de fixation de stator inclut au moins une
saillie (526) qui est regue dans une ouverture péri-
phérique (536) de I'élément de montage intégré pour
fixer I'élément de montage intégré au moins en
rotation a I'élément de fixation de stator.

Ouitil électrique selon une quelconque revendication
précédente, comprenant en outre un palier porteur
(32) configuré pour supporter le support par rapport
a I'ensemble de montage de stator, dans lequel
I'élément de fixation de stator inclut un corps annu-
laire frontal (524) formant un porte-palier pour le
palier porteur afin d’aligner radialement le palier
porteur avec I'élément radial de I'élément de mon-
tage intégré.

Outil électrique selon une quelconque revendication
précédente, dans lequel le support de couronne
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dentée est couplé séparément au carter de trans-
mission et le carter de transmission chevauche au
moins le support de couronne dentée del’'élémentde
montage intégré, comprenant en outre un joint to-
rique (550) disposé entre I'élément de montage in-
tégré et le carter de transmission pour sceller sensi-
blement la transmission.

Outil électrique selon larevendication 6, comprenant
en outre une coiffe (81) montée sur le boitier d’outil
pour fournir un élément de sortie configuré pour étre
entrainé en rotation par un arbre a cames couplé au
support, dans lequel le carter de transmission est
formé d’un seul tenant avec la coiffe et s’étend vers
I'arriére a partir de celle-ci a l'intérieur du boitier
d’outil.

Ouitil électrique comprenant :

un boitier d’outil (92) ;

un moteur a courant continu sans balais (BLDC)
(500) disposé dans le boitier d’outil et incluant
un stator (210) incluant un noyau de stator pré-
sentant une ouverture s’étendant a travers ce-
lui-ci et une pluralité d’enroulements de stator,
un rotor (240) comprenant un noyau de rotor
cylindrique (242) supportantau moins un aimant
permanent (244) autour d’une surface exté-
rieure du noyau de stator, et un arbre de rotor
(260) couplé de maniere rotative au rotor ; et
un ensemble de montage de stator (614)
comprenant un élément de fixation de stator
(516) incluant un élément axial (522) fixé au
stator, et un élément de montage intégré (618)
incluant un élément radial fixé a I'élément de
fixation de stator et un carter de transmission
(670) présentant un corps généralement cylin-
drique s’étendant intégralement depuis I'élé-
ment radial a 'opposé du moteur, dans lequel
le carter de transmission est fixé au boitier d’outil
et loge des composants d’une transmission
caractérisé en ce que les composants de la
transmission incluent un support (22), au moins
un satellite monté de maniére rotative sur le
support, et une couronne dentée (530) suppor-
tée par le carter de transmission et engrenée
avec le au moins un satellite.

9. Ouitil électrique selon la revendication 8, dans lequel

le rotor comprend une paroi arriére a proximité d’'une
extrémité arriére du stator qui est montée sur l'arbre
de rotor, I'arbre de rotor s’étendant a travers 'ouver-
ture du stator pour étre couplé a I'élément d’entrée
de la transmission,

dans lequel I'élément axial de I'élément de fixa-
tion de stator comprend une partie cylindrique
sur laquelle le noyau de stator est solidement
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monté,

dans lequel I'arbre de rotor s’étend a travers la
partie cylindrique,

comprenant en outre au moins un palier moteur
(266) présentant une bague intérieure montée
sur I'arbre de rotor et une bague extérieure fixée
a l'intérieur de la partie cylindrique.

Ouitil électrique selon la revendication 8 ou 9, dans
lequel I'élément de fixation de stator inclut au moins
un bras radial (525), et dans lequel I'élément radial
de I'élément de montage intégré est moulé autour du
au moins un bras radial pour fixer I'élément de mon-
tage intégré a I'élément de fixation de stator.

Outil électrique selon la revendication 10, dans le-
quel I'élément de fixation de stator inclut au moins
une saillie (526) qui est recue dans une ouverture
périphérique (536) de I'élément de montage intégré
pour fixer I'élément de montage intégré au moins en
rotation a I'élément de fixation de stator.

Outil électrique selon I'une quelconque des reven-
dications 8 a 11, comprenant en outre un palier
porteur (32) configuré pour supporter le support
par rapport a 'ensemble de montage de stator, dans
lequel I'élément de fixation de stator inclut un corps
annulaire frontal (524) formant un porte-palier pour
le palier porteur afin d’aligner radialement le palier
porteur avec I'élément radial de I'élément de mon-
tage intégré.

Outil électrique selon I'une quelconque des reven-
dications 8 a 12, comprenant en outre une coiffe (91)
montée sur le boitier d’outil pour fournir un élément
de sortie, dans lequel une partie avant du carter de
transmission s’étend hors du boitier d’outil et est
recue a l'intérieur de la coiffe.

Outil électrique selon la revendication 13, compre-
nant en outre un joint torique (673) disposé entre la
partie avant du carter de transmission et la coiffe
pour sceller sensiblement I'ensemble de transmis-
sion.

Ouitil électrique selon I'une quelconque des reven-
dications 8 a 14, dans lequel le carter de transmis-
sion inclut au moins un rebord intérieur (573) qui
s’engage dans une extrémité axiale de la couronne
dentée pour fixer la couronne dentée a l'intérieur du
carter de transmission, et une pluralité de saillies
extérieures (676) sur la surface extérieure du carter
de transmission configurées pour s’engager dans
une partie du boitier d’outil pour fixer en rotation la
transmission.
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